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https://xkcd.com/1838/

How to prevent biases in your data analysis?
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Introduction
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As per COSPAR PP policy, all spacefaring nations, 
when conducting the scientific investigations of 
possible extraterrestrial life forms, precursors, and 
remnants, are required to follow the appropriate 
forward contamination control procedures and met 
planetary protection requirements 

https://www.cartoonstock.com/directory/b/blast_off.asp
https://www.nasa.gov/image-feature/goddard/engineers-clean-mirror-with-carbon-dioxide-snow

https://www.cartoonstock.com/directory/b/blast_off.asp
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Conventional technologies are focused on 
eradicating microbial contaminants, but it is 
important to understand that low biomass 

samples contain microbial signatures.

These signature from both Eukaryotic and 
Prokaryotic domain, need to be cataloged in an 
unbiased manner to create a microbial 
passenger list

Limiting factors for studying low biomass SAF/Spacecraft surfaces 
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. (b) Target microorganisms for Amplicon array. 

1. Deinococcus radiodurans
2. Hymenobacter sp. DG25A
3. Thermococcus litoralis
4. Bacillus pumilus SAFR-032 (Spore)

5. Hymenobacter psychrophilus
6. Flavobacterium psychrophilum
7. Rhodonellum psychrophilum
8. Jeotgalibacillus marinus (Spore)

9. Clostridium butyricum (Spore)
10.Halobacteroides halobius

ba

(a) Microbial diversity of JPL-SAF



Present status based on 100 sampling events
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• Deinococcus radiodurans
• Hymenobacter sp. DG25A
• Bacillus pumilus SAFR-032 (Spore)



Present status based on 100 sampling events
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• Hymenobacter psychrophilus
• Flavobacterium antarcticum
• Rhodonellum psychrophilum



Present status based on 100 sampling events
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• Clostridium butyricum (Spore)
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• Targeted gene(s)-based method relies on polymerase chain reaction.

• Low biological starting material (<1pg) is enough.

• Executable in ultra-low biomass samples such as spacecraft surfaces.

• Single panel can be used to study 24,000 targets simultaneously 

• Applicable for novel species discovery and genetic variation studies

• Low computational requirement compared to total metagenome analysis

Why use amplicon based technologies for SAF/Spacecraft 
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The amplicon based next generation sequencing 
methods like AmpliSeq™ from Ion Torrent and 
targeted gene(s) sequencing from Illumina, will assist 
in understanding cross-domain low biomass surface 
organisms posing a threat of forward contamination.

Enable the development of suitable 
cleaning/sterilization procedures and enhance PP 
verification protocols. 

Practical application of amplicon based technologies for SAF/Spacecraft 

https://www.thermofisher.com/us/en/home/life-science/sequencing/next-generation-sequencing/ion-torrent-next-generation-sequencing-workflow/ion-torrent-next-
generation-sequencing-select-targets/ampliseq-target-selection.html
https://www.google.com/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwiNr4Kd_5zcAhVLr1QKHSfNBpAQjhx6BAgBEAM&url=https%3A%2F
%2Fwww.youtube.com%2Fwatch%3Fv%3DSAntUVcqpHQ&psig=AOvVaw2iONShIWc6Q-8BZWu7ELAt&ust=1531602810467509

https://www.thermofisher.com/us/en/home/life-science/sequencing/next-generation-sequencing/ion-torrent-next-generation-sequencing-workflow/ion-torrent-next-generation-sequencing-select-targets/ampliseq-target-selection.html
https://www.google.com/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwiNr4Kd_5zcAhVLr1QKHSfNBpAQjhx6BAgBEAM&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DSAntUVcqpHQ&psig=AOvVaw2iONShIWc6Q-8BZWu7ELAt&ust=1531602810467509
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AmpliSeq™flow-through for target selection to data analysis.

thermofisher.com 
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Targeting APR genes and organisms
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Primer/Panel designing for the APR genes
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• Amplicon based technologies will deepen our understanding of microbial 
population associated with low biomass samples and their functional 
characteristics with lower cost and computational requirement

• Enable cataloging nucleic acid-dependent life surviving extreme conditions of 
the spacecraft Assembly, Testing, Launch, and Operation (ATLO) 
environments. 

• Modulated to catalog the microbial genes of interest to a specific mission (e.g. 
psychrophilic, anaerobic, radiation resistant microbes for Europa). 

Conclusion
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